Purpose Here we report the short-term clinical and radiological results of the Profemur®-R cementless modular revision stem. Methods Between
Introduction
Because people are living longer and primary total hip replacements are becoming more common in relatively young, physically active patients, the incidence of total hip arthroplasty (THA) is increasing rapidly, and revision and re-revision rates are expected to follow an equal growth [1] .
Revision hip arthroplasty following femoral-component failure can be particularly challenging in the presence of poor bone quality and bone stock, altered femoral geometry and substantial femoral defects resulting from removal of the stem and cement mantle, all of which can compromise a stable and durable implant fixation. In many cases in which reconstruction with conventional procedures, such as those used in primary arthroplasty, is often not feasible, cementless, porous-coated, tapered and fluted monoblock stems have been successfully applied and are considered the gold standard by many surgeons [2] [3] [4] [5] .
As an alternative, modular revision stems allow the surgeon to customise each component to the intraoperative needs, as they allow independent preparation of the proximal and distal femur to optimise femoral fill and fit, thus avoiding stress shielding [6] [7] [8] [9] . Moreover, leg length, offset and anteversion can be individually adjusted. So far, however, only a few authors have analysed the results of this type of stem, even though its value is still controversial [10] . To compare the various revision concepts and their results, and to understand failure mechanisms and thereby hopefully improve future developments, accurate radiographic and clinical studies are essential. The aim of this study was to review and report on our experience with the Profemur®-R modular stem (Wright Medical Technology, Arlington, TN, USA).
The mean age at surgery was 67 (range 34-83) years. No patients were lost to follow-up. The study population consisted of 34 male and 39 female patients, with an average body mass index (BMI) of 26 (range [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] . A bilateral Profemur® R implant was used in three patients. Eight patients died during follow-up from unrelated causes, reducing the final study population to 68 implants, with an average follow-up of 5.2 (range 4-7.6) years. The main indications for revision were infection (n=19) and aseptic loosening (n=30) ( Table 1 ). All infections were revised using a two-stage procedure with an intermediate preformed spacer [11] . Persistent pain from cup impingement and scintigraphically documented mid-thigh pain necessitated revision in one and five cases, respectively. Revision was also performed for failed osteosynthesis, including failure of either the plate and screw fixation or the intramedullary nails in one and nine cases, respectively, resulting in pseudarthrosis or secondary degeneration of the joint. One patient was treated for a proximal femoral osteosarcoma. Twenty-five patients had previously undergone revision surgery, including two hips that had already been revised two and three times, respectively.
Clinical and radiological evaluation
All follow-up data were collected prospectively. Clinically, patients were evaluated according to the Harris Hip Score (HHS), the University of California-Los Angeles (UCLA) score and the Merle d'Aubigne (MDA) score [12] . Radiographic evaluation, comprising anteroposterior and lateral radiographs, was performed preoperatively, postoperatively and at follow-up. Bone defects were classified according to the Paprosky classification [13] . The femoral defect was classified as type 1 in 39 hips (57.3%), type 2 in 18 hips (26.5%), type 3A in ten hips (14.7%) and type 3B in one hip (1.5%). A significant femoral-bone defect (type 3A or higher) was present in eight cases of the subgroup revised for infection. Implant stability was measured using the Engh fixation scale and the Agora Roentgenographic Assessment (ARA) scoring system [14] . Failure was defined as revision arthroplasty or radiographic evidence of femoral component loosening, indicated by an Engh fixation score ≤10 or an ARA score <2. Vertical femoral migration of >5 mm was defined as subsidence [15] .
Operative technique
All revision operations were performed by the same senior surgeon through a posterolateral approach. If necessary, the approach was extended proximally or distally, depending on the intraoperative findings. Femoral-bone grafting was not performed in any of the procedures. Where possible, a posterior repair of the rotator soft tissue and capsule complex through drill holes in the posterior greater trochanter was performed at the end of each procedure to enhance stability. Mean blood loss was 884 (range 200-3,000) ml, and mean operating time was 144 (range 60-360) min. Postoperatively, indomethacin and lowmolecular-weight heparin was administered for six weeks to prevent heterotopic ossification and thrombogenic complications, respectively. Patients were allowed partial or full weightbearing from day three postsurgery. In all cases, the Profemur®-R stem was used ( Fig. 1 ). This cementless modular system is composed of four principal parts, which can be mounted by taper locks: a tapered distal stem with cutting flutes for the diaphyseal region, a proximal body, a modular neck and a head. The distal stem is available in diameter increments of 1 mm from 10 to 22 mm and in three lengths (135-mm straight, 157-mm curved and 215-mm curved). The two longer versions have an anatomical bowing. Radially arranged splines are extended along the distal stem. Fixation to the bone is obtained by press fit. The proximal parts are available in seven sizes to enable intraoperative adaptation to metaphyseal bone loss and are coated with hydroxyapatite. The ten neck sizes allow intraoperative adaptation to version, offset and leg length. A complete overview of all components used in this study population is provided in Table 2 .
In the 57 prosthetic revisions, both components were retrieved in 40 cases and both bearings in 48 cases. At the initial revision surgery, additional procedures were required in 29 cases: resection of a heterotopic ossification in one, and titanium cable cerclage in 28 [greater trochanter (n=8), lesser trochanter (n=1) and femoral diaphysis (n=13))]
Cable fixation had to be used for peroperative diaphyseal fracture (n=8) or metaphyseal fissure (n=14) on femoral implant removal or to close an additional transfemoral approach (n=6).
Results

Clinical results
Clinical scores preoperatively and at latest follow-up of the 68 cases are illustrated in Table 3 . Regarding HHS, there was mainly an increase for the pain score.
At a mean follow-up of 5.2 years, 63 (94%) stems were functioning well (Fig. 2) . Five re-revisions had to be performed for various reasons. One case was revised for septic complications and was treated with a two-stage revision, again using the Profemur®-R. Two patients showed clear aseptic stem loosening (at a mean follow-up of four years), and one case was revised for measurable subsidence one year postoperatively (Fig. 3a-c) . Those cases were revised on the femoral side, again using the Profemur®-R. In one case, re-revision was required due to femoral osteosarcoma recurrence, although the prosthesis was well fixed. In this case, a complete femoral resection was performed (Fig. 4) .
Radiological results
Mean ARA and Engh scores were 5.22 and 25.16, respectively. Only seven patients had an ARA score ≤4.
The two patients with a score <2 had obvious stem loosening. We observed lysis of the neck area in one case (1.5%), marked calcar atrophy in four (5.9%), subsidence/ migration in one (1.5%), a reactive line <50% in three (4.4%) and reactive lines in Gruen zone 1a in five (7.4%). Pedestal was present in two cases (2.9%), but both were stable. Two cases (2.9%) presented cortical thickening in Gruen zone 5.
Complications Table 4 provides an overview of all complications encountered during surgery and at follow-up. All intraoperative fissures or fractures occurred during removal of the primary prosthesis and not during insertion of the final implant. Titanium cable cerclage was used for stabilisation in all cases. As for late complications, the periprosthetic fracture was caused by trauma six weeks postoperatively. Dislocations occurred within six weeks postoperatively. The recurrent dislocation was triggered by trauma and required re-revision. The two single dislocations were treated by closed reduction and bracing for six weeks. We identified no failures of the modular taper connections at the different implant levels.
Discussion
To prevent proximal femoral atrophy induced by stress protection, a femoral stem should guarantee proximal force transmission, as rigid distal fixation might cause stress shielding of the proximal bone with further loss of proximal bone stock [6] . The contact between the implant and the bone should be maximal in order to ensure an optimal fixation. This can be achieved by surgical preparation of the femoral canal and perfect adaptation of the prosthesis to the shape of the femur, proximally and distally. Other factors determining the clinical results are stability, soft-tissue tension, limb length and presence of adequate femoral diaphysis, all of which can only be evaluated at surgery. Due to poor long-term results of cemented revision stems, surgeons typically rely on porous-coated cementless stems in the revision setting to obtain adequate diaphyseal fixation [16] [17] [18] . In primary THA, proximally porouscoated stems that depend on metaphyseal fit and contact have shown good results. However, in revision THA, intimate contact between implant and bone is often difficult to achieve due to the deficient and/or sclerotic metaphyseal bone. Therefore, results of revision THA with a monoblock proximally porous-coated stem are unsatisfactory [19, 20] . With the longer extensively porous-coated stems, the regions of proximally deficient bone can be bypassed, and stability and fixation in more distal femoral bone can be achieved. The shape of the tapered Profemur®-R stem with eight radially arranged splines may provide more rotational stability, especially in smooth sclerotic cortices. Spline height is proportional to stem diameter and decreases from its maximum height distally to its minimum height proximally, resulting in good fixation and rotational stability, even in plain cortices.
Although no clinical studies document improved outcomes with modular stems over one-piece stems, the modularity of the prosthesis has numerous benefits, especially intraoperatively. In the revision setting, metaphyseal and diaphyseal bone loss is highly variable. With one-piece stems of any type, it is difficult to position the femoral-head centre at the correct length, offset and anteversion. Flexibility during the operation provided by choices of stem length, diameter, fixation type and proximal stem size and orientation allows a stable hip centre to be established. Modular femoral components with multiplesized proximal and distal parts been designed to achieve maximal fit and fill of the femoral bone, ensuring a correct and stable head centre. Complications, including dislocation, heterotopic ossification, intraoperative femoral fracture and infection, are seen with approximately the same frequency as in modular and one-piece distal bypass fixation revision stems [21] [22] [23] .
Many other modular cementless revision stems are available on the market today. The surgeon's personal experience will determine which type of stem offers him or her the best possible solutions. In this respect, the main author also has experience with the Revitan® cementless modular revision stem (Zimmer, Warsau, IN, USA). This system consists of a distal part, straight or curved, available in different lengths. The curved distal part can also be locked distally with screws, which may be an additional possible advantage in some cases [24] . The proximal part exists also in different lengths and can be connected to the distal part in any position regarding version. However, no modular necks are available with this system. Regardless of the rather short-term follow-up, we observed no loosening or breakage of connections, although proximal bone support was not always present (≥40% Paprosky 2) . Cases of breakage have described, for example, with the Zimmer Modular Revision Hip Systems (ZMR®, Zimmer,) which had to be withdrawn from the market in March 2003. Analysis of the failures by the Zimmer indicated that the predominant failure mode was fatigue fracture, which is usually associated with inadequate proximal bone support of the prosthesis. Although concerns exist about possible fretting corrosion between modular parts, no problems in this respect have been observed by us so far for the Profemur®-R systems.
Intraoperative femoral fissures and/or fractures were present in 22 cases (32%) in our study, which is more than in other studies with modular and nonmodular systems. They were all caused by primary prosthesis removal and not by implantation of the modular stem. Importantly, the frequency of these complications decreased as surgical expertise increased. The risk of an intraoperative femoral fracture has been shown to be highest when a cementless component is used in revision THA, [25] .
As mentioned, five re-revisions were performed on a total of 68 implanted revision stems, with a revision rate of 7.35%. This is consistent with the findings of Köster et al., who had a re-revision rate of 6.1% [26] . It should be noted that the results of our study are preliminary because the operating surgeon was still gaining experience with the system. The cases of loosening and subsidence were all operated on before May 2004 and were clearly undersized on postoperative radiographs. They can be considered as a technical error due to the surgeon's learning curve.
Clinical results at the latest follow-up are comparable with those of other studies regarding the difference between pre-and postoperative HHS, MDA and UCLA scores. The HHS improved to 78.28 points, i.e. an increase of 18.71%, which is consistent with other studies [26] [27] [28] [29] . The MDA score increased most for the subcategory pain and least for mobility. Radiological follow-up showed very good ARA (mean 5.22) and Engh (mean 25.6) scores. Only two cases had an ARA score <2 and had to be revised for loosening and subsidence.
The modular uncemented diaphyseal fixation stem offers good conditions for bone restoration and seems capable of solving most of the technical problems in cases of extensive bone loss. This is confirmed by the good clinical results found at the final follow-up. Therefore, we conclude that the Profemur®-R stem provides a good alternative for patients with large femoral defects in the revision setting. However, surgical expertise is essential with this demanding type of surgery, and a longer clinical follow-up is required to assess the long-term outcome of this implant.
